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DISCONNECT SHAFT FOR INTEGRATED
DRIVE GENERATOR

BACKGROUND OF THE INVENTION

This application relates to a disconnect shaift for an
integrated drive generator.

Integrated drive generators are known and often utilized
in aircrait. As known, a gas turbine engine on the aircrait
provides a drive mput into a generator mput shaft. The
generator typically includes a disconnect shaft that can
transmit the input into a gear diflerential. The gear differ-
ential selectively drives a main generator to provide electric
power for various uses on the aircratt.

It 1s desirable that the generated power be of a desired
constant frequency. However, the speed from the input shaft
will vary during operation of the gas turbine engine. This
would result 1n vanable frequency.

Integrated drive generators are provided with speed trim-
ming hydraulic units. Gears associated with the differential
and, 1n particular, a ring gear portion, provide rotation from
the differential back into the trimming umt. A carrier also
rotates another portion of the trimming unit. The trimming
unit 1s operable to result in the output speed of the differ-
ential being effectively constant, such that electric power of
a desirable frequency 1s generated.

The generator 1s mounted between two housing portions
and a seal plate 1s mounted between the two housing
portions.

In addition, various accessory systems, such as various
pumps, are driven by the carrier of the differential through
an accessory drive gear.

The disconnect shaft i1s typically cammed to move axially
away Irom the mput shaft. A spring typically biases the
disconnect shait toward the input shait. The disconnect shaft
drives the carrier when 1n contact with the input shaft. As can

be appreciated, the disconnect shait faces challenges.

SUMMARY OF THE INVENTION

A disconnect shaft for use 1n an integrated drive generator
longitudinally extending between a first end and a second
end having a plurality of gear teeth extending longitudinally
from a first face disposed at the first end. A cam ledge 1s at
an mtermediate location between the first end and the second
end. An annular cavity 1s defined between an 1nner surface
ol an 1nner bore of the disconnect shait and an outer surface
ol a radially inner portion of the disconnect shatt.

An integrated drive generator i1s also disclosed, as 1s a
method of replacing a disconnect shait 1n an integrated drive
generator.

These and other features may be best understood from the
following drawings and specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows an integrated drive generator.
FIG. 2 schematically shows a disconnect assembly.
FIG. 3A shows an end view of a disconnect shait.

FIG. 3B is a perspective view.
FIG. 4 1s a cross-sectional view through the disconnect

shatt.

DETAILED DESCRIPTION

FIG. 1 shows an integrated drive generator 20. As shown,
housing portions 18 and 19 surround the integrated drive
generator and a seal plate 17 sits between the housing
portions 18 and 19.
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2

A gas turbine engine 22 may drive an input shaft 23 which
selectively drives a disconnect assembly 26. The disconnect
assembly 26, in turn, drives a carrier shait 28, which drives
a carrier 1n a gear differential 30.

As the carrier shait 28 rotates, planet gears 36 and 38 are
caused to rotate. Gears 38 have a gear interface 42 with a
first ring gear portion 40. Gears 36 have a gear interface 48
with a second ring gear portion 46.

Ring gear portion 40 has a gear interface 50 with a main
generator drive gear 532. When drive gear 52 1s driven to
rotate, 1t rotates a rotor 56 associated with a stator 58 of the
main generator as well as an exciter rotor 60. Electric power
1s generated for a use 62, as known.

It 1s desirable that the frequency of the generated electric
power be at a desired frequency. This requires the input
speed to gear 52 to be relatively constant and at the desired
speed. As such, the speed of the mput shait 23 1s added to
the speed of the speed trimmer 66 to result in a constant
input speed to gear 52.

A gear 15 that 1s part of the carrier has a gear interface 16
with a gear 13 driving a shait 14 also within the speed
trimmer.

As known, the speed trimmer 66 includes a variable unit
72 and a fixed unit 76. The units 72 and 76 may each be
provided with a plurality of pistons and a swash plate
arrangement. I the input speed of the gear 13 1s too high, the
speed of the gear 52 will also be too high, and hence, the
speed trimmer 66 acts to lower the speed of the trim gear 46
which will drop the speed of gear 52. On the other hand, 1
the mput speed 1s too low, the speed trimmer will increase
the trim gear speed and the speed seen by gear 52 will
Increase.

In essence, the variable unit 72 receives an mput through
gear 13 that 1s proportional to the speed of the input shaft 23.
The variable unit 72 also receives a control mput from a
control monitoring the speed of the generator rotor 56. The
position of the swash plate 1n the variable unit 72 i1s changed
to 1n turn change the speed and direction of the fixed unit 76.
The fixed unit 76 can change the speed, and direction of
rotation of the shait 70, and this then provides control back
through the trim ring gear 46 to change the speed reaching
the generator. In this manner, the speed trimmer 66 results in
the frequency generated by the generator being closer to
constant, and at the desired frequency.

A permanent magnet generator 32 rotates with the ring
gear 40.

An accessory drive shalt 29 rotates with the carrier shaft
28 and drives a plurality of accessory gears 31.

The operation of the integrated drive generator 20 1s
generally as known 1n the art. A worker of ordinary skill
would recognize that the desired frequency and speed at use
62 would dictate a number of design functions.

FIG. 2 schematically shows the disconnect assembly 26.
The mput shaft 23 contacts a gear interface 84 with a
disconnect shait 80. A spline connection 82 drives the carrier
shaft 28. A spring 83 biases the disconnect shait 80 towards
engagement with the input shaft 23. A cam face on a cam
ledge 86 on the disconnect shait 80 receives an actuator 88
under the operation of a control 90. The actuator 88 can
provide camming action along the cam face to move the
disconnect shaft 80 to the left, 1n this figure, and against the
force of the spring 83 to break the drive connection between
the mput shaft 23 and the disconnect shait 80. This basic
operation 1s known 1n current integrated drive generators.

FIG. 3A shows a front face of the disconnect shaft 80. A
plurality of gear teeth 94 are positioned on a front face 92.
There are four teeth in the disclosed embodiment.
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FIG. 3B 1s a perspective view and shows the disconnect
shaft 80, the front face 92, and the teeth 94. Also, a cam face
87 1s shown on cam ledge 86.

As shown 1n FIG. 4, the front face 92 of the disconnect
shaft 80 1s spaced from an end 96 of an enlarged forward
portion. A channel 98 1s positioned between end 96 and the
cam ledge 86.

As shown, the cam face 87 has a changing profile across
a circumierential dimension, such that the actuator 88 can
cause the disconnect shait 80 to move to the leit against the
force of a spring 106. The spring 106 sits between an end
tace of the carrier shaft 28 and a cavity 110. The carrier shaft
28 rides along spline teeth 104 inside the disconnect shatt to
drive the carrier shaft when the disconnect shaft rotates. A
rear end 102 of the disconnect shait 1s also shown.

Cavity 110 houses the spring 106. In embodiments, the
cavity 110 1s defined by a radially 1nner portion 111 spaced
inwardly from a radially outer portion 113 and providing
cavity 110 to recerve a forward end 108 of the spring 106.
The cavity 110 provides support for the end of the spring
106. Cavity 110 1s shown spaced toward rear end 102
relative to cam ledge 86.

An outer diameter d, 1s defined as a diameter to an outer
peripheral surface of the front face 92. An inner diameter d,
1s defined to a radially iner surface 95 of a bore at the front
face 92. A cam ledge distance d, 1s defined between the front
face 92 and a beginning of the cam ledge 86. A diameter d,,
1s defined to the outer periphery of the cam surface 87. An
overall distance d; 1s defined between rear end 102 and front
tace 92.

In an embodiment, d, 1s 1.836 inches (4.784 cm). In a
prior art disconnect shaft, it was 1.3735 inches.

d, 1n one embodiment 1s 1.230 1nches (3.124 cm). In that
same prior art embodiment, d, was 0.5 inches.

In the embodiments, a ratio of d, to d, 1s between 1.4 and
2.1.

In that same prior disconnect shaft, the distance d, was
much smaller with the cam ledge being effectively directly
behind the surface 96. In the disclosed embodiment, d, 1s
1.607 inches. In the prior embodiment, d, was 0.257 inch
(0.652 cm). In the disclosed embodiment, d, 1s 1.930 inches
(4.90 cm). In that same prior embodiment, it was 1.5 inches
(3.81 cm). In the disclosed embodiment, d- 1s 4.896 inches
(12.43 cm).

In embodiments, a ratio of d; to d; 1s between 0.25 and
0.45. In the same disclosed embodiments, a ratio of d, to d.
1s between 0.3 and 0.5.

A disconnect shaft, as disclosed here, provides valuable
operational benefits.

A method of replacing a disconnect shaft in an integrated
drive generator comprising the steps of removing an existing
disconnect shaft from an integrated drive generator includ-
ing a housing enclosing an mnput shaft. The iput shaft has
a gear iterface with the existing disconnect shait. The
existing disconnect shaft having spline teeth at an inner
peripheral bore slideably engaging a carrier shait and a
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spring biasing the existing disconnect shaft such that gear
teeth on a forward face of the existing disconnect shaft
engage the mput shaft. An actuator selectively moves the
existing disconnect shait against the spring to move the gear
teeth on the existing disconnect shaft out of engagement
with the input shaft. The carrier shaft provides a drive input
into a gear diflerential by driving a set of planetary gears to,
in turn, drive a ring gear portion. The ring gear portion
selectively provides drive input into a main generator.

The method includes the further step of replacing the
existing disconnect shait with a replacement disconnect
shaft. The replacement disconnect shaft includes a forward
face having a plurality of gear teeth and extending in a
direction to a rear end. A cam ledge i1s at an intermediate
location between the forward face and the rear end. There 1s
an inner bore within the disconnect shait and a cavity in the
iner bore receives an end of the spring to bias the replace-
ment disconnect shait. The cavity 1s defined by a radially
iner portion of the replacement disconnect shaft spaced
from a radially outer portion to define the cavity.

Although an embodiment of this invention has been
disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within the
scope of this invention. For that reason, the following claims
should be studied to determine the true scope and content of
this 1nvention.

The mvention claimed 1s:

1. A disconnect shait for use in an integrated drive
generator longitudinally extending between a first end and a
second end having a plurality of gear teeth extending
longitudinally from a first face disposed at the first end, a
cam ledge at an intermediate location between said first end
and said second end, an annular cavity defined between an
inner surface of an inner bore of said disconnect shait and an
outer surface of a radially imnner portion of the disconnect
shaft; and

wherein an outer diameter of said gear teeth 1s defined at

said first end, and an inner diameter 1s defined to a
radially inner surface of a bore at said first face, and a
ratio of said outer diameter to said inner diameter being
between 1.4 and 2.1.

2. The disconnect shaft as set forth 1n claim 1, wherein a
cam ledge distance 1s defined between said first face and a
beginning point of said cam ledge, and a ratio of said cam
ledge distance to an overall distance between said first face
and said second end being between 0.25 and 0.45.

3. The disconnect shatft as set forth 1n claim 2, wherein
said cam ledge including a cam face having a cam outer
diameter and a ratio of said cam outer diameter to said
overall distance being between 0.3 and 0.3.

4. The disconnect shatft as set forth in claim 3, wherein
there are four of said gear teeth on said first face.

5. The disconnect shatft as set forth in claim 1, wherein
there are four of said gear teeth on said first face.
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